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Die  solution  Is  sought  In  the  form 

‘  M 

%  r,y„  |  K (jt  —  -.) ■>, (r,  -j d-  (outer  problem) 

!  #  (*) 

__  t 

*  - r*vt  f ?, (Jf  —  ') <«, (r.  -) dr  (inner  problem) 

0 

Calculating  using  the  method  of  characteristics,  the  functions 

fi  and  I'm  were  found  on  the  surface  of  the  body 

( I .  x)  =--  —  !  +  <M  1  95a  —  0,0795**.  (  5) 

Ml.  Jf)  =  1  +  0,209*  -i-  0,651**.  . 

Prom  the  Bernoulli  equation  we  have  the  following  formula  for  pressure: 

(6) 

He  will  examine  the  symmetrical  profile  of  an  annular  wing  of  length 
i  (pig.  1); 
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Thus,  the  drag  force  is  proportional  to  the  integral 


•  jr 

7  .f 5  .f ?  (x  ~  * (T)  dx 


Let  P(x)  -  y'(x);  then  y(x)  will  be  the  equation  of  the  profile 
in  the  new  coordinates  (Pig.  2).  On  the  strength  of  this,  integral 
I  can  be  reduced  to  the  form 

'  ‘  (7) 


/  =  f  f >J‘-  <*)  \  4-  y’  (x)  J  y- <-.)  Y(x  - 1)  dt  ]  dx. 


where  if0  *  ^(0)  . 

We  will  seek  the  minimum  of  this  integral  under  the  condition 
y(*i)  .■  6,  that  is,  with  a  given  thickness  of  the  profile  26.  We 
will  write  the  equation  of  line  y(x)  as 

!/»(*)  whtn  0  <  *  £  X,  (8) 


fW- 


x,(x)  «hni  x,  C  X  <  /. 


After  simplifications  the  first  variation  of  integral  61  will  have 
the  form 

'.I  - 1-  yi%  -f  xc% I*.  «x,  -  j I  2^;  +-£-(■  yoy  (X  -)d--  + 

•  ■-  0 


*1  l  -• 

+  7T  J**' (jt - *> *  +  j (■  - *) * 

If  i,  I 

I  r  a  | 

-  Jj  2v;  +  £  J'x;,y(x-t)ifT.i-  -/rjVo  *)<*-.+ 

*«  ■  ii  « 

-£  J  y,Y  (x  -  -)  J  lydx  -  o. 


(9) 


The  necessary  condition  of  the  extremum  is  61  *  0.  We  will 
narrow  the  class  of  permissible  curves,  having  fixed  point  (xj,  y t) 
and  line  z0(x) .  Then  condition  61-0  will  be  the  same  as  equating 
the  first  integral  in  Formula  (9)  to  zero.  Similarly,  the  necessary 
condition  of  the  extremum  with  variation  only  of  z0(x)  will  be  the 
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equating  of  the  second  integral  to  zero. 

Hence, 

l  —  +•  M,ixt  =  o. 

Thus  we  have  the  necessaiy  condition  of  the  extremum 


2H  •  <*-•>* -r  ~J >'«/<■  -A)4ft  + 

•  '  » 

*  I 

2v;  +  JV  (*--)*  +  -—  f  «;♦'  <-  -s)  ift  -r 


<tr  . 
« 


|  y'oY  (* —■)*•  =  o, 

I* 

0o  U  ~  *»*!». 


(10) 


and  boundary  conditions 

0.(0)  =  0,  </,(*,)  =  s  *»<*,)  =S.  (0  =  0.  (11) 


We  substitute  in  ( 10)  the  well-known  function 

0  (jc)  =  0,73  x*  —  0,21  jc  2. 

The  solution  of  System  ( 10)  with  Boundary  Conditions  ( i.l)  is  as 
follows^ 

0.  ~ — L__Sjn*x,  r,  «' — ~-smk(l—x), 

sin  sin  — — 

2  2 

where  k  »  0.85. 

Converting  to  dimensional  coordinates  by  Formulas  ( l)  and  causing 
the  radius  of  the  annular  wing  r0  to  tend  toward  infinity  we  obtain 
at  the  limit 

7,“ T('~7)'- 
2  2 

that  la,  a  rhomboid  profile  which  coincides  with  the  well-known 
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solution  in  the  plane  problem. 

Submitted  September  ?,  3-959  Department  of  Wave-  and  Oasdynamlcs 
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